Objective: Chronic kidney disease (CKD) is known to cause significant deterioration in the function of the testicles and sexual dysfunction in male patients who undergo hemodialysis. The aim of this study was to show the changes in the testicles that occur as a result of hypogonadism secondary to CKD and to analyze the elasticity of the parenchyma by shear wave sonoelastography.
Introduction
Chronic kidney disease (CKD) is defined as a decrease in the glomerular filtration rate, which causes electrolyte imbalance and progressive deterioration of metabolic and endocrine functions [1] . The relationship between CKD and hyperparathyroidism, infertility, and sexual dysfunction has not been clearly defined, and this situation affects the general health status of patients as well as their social and economic status [2] . CKD has been shown to cause a significant decrease in testicular function involving steroidogenesis and spermatogenesis, thus leading to Leydig cell dysfunction in male patients undergoing hemodialysis [3] . It has been shown that testosterone levels are lower in patients with CKD, whereas levels of follicle stimulating hormone (FSH), luteinizing hormone (LH), estrogen, and prolactin are higher [4] . Ultrasonography (US) is the method of choice for the evaluation of testis pathologies and is widely used [5] . Although US is highly sensitive for testicular pathologies, it is not sufficient for [6] . Sonoelastography (SE) is a new noninvasive diagnostic method that is used to measure the elasticity of biological tissues [7] . It has been shown to be efficient in the evaluation of nodules in the breast, prostate, thyroid, and lymph nodes [8] [9] [10] [11] [12] [13] . The use of SE has also started for the discrimination of malignancy in testis lesions [11, 12, 14] . Preliminary research has revealed that the values of elasticity of the testicles are related to their volume and functional capacity [15] .
Shear wave sonoelastography (SWSE) sends low-frequency and low-speed acoustic waves perpendicularly to the tissue and measures the elasticity of the tissue quantitatively in kilopascals without applying pressure [16, 17] . The advantage of SE is its ability to make measurements without the need for comparison with other tissues. In this technique, the velocity of shear waves generated by ultrasound pulses that are emitted perpendicularly to the tissue is measured and the elasticity characteristics of the tissue are determined. The quantitative measurement units are kilopascals or centimeters per second [18, 19] . The advantages of this method are the lack of requirement for manual compression and its quantitative measurements [20] . The limited size and shape (restricted to a circle or box) of the region of interest (ROI) are its main limitations [19] .
In this study we aimed to demonstrate changes in testicular structure and elasticity due to hypogonadism in patients with CKD using SWSE.
Materials and Methods
After the approval of the ethics committee, 28 male patients (mean age 50, range 28-35) who undergo hemodialysis three times per week and 25 healthy male volunteers (mean age 44, range 20-56) were included in this prospective study. The mean duration of hemodialysis was 3 years (range 10 days-20 years) in the hemodialysis group. Patients with known testicular disease, structural anomalies, or testicular operation were excluded from the study. Informed consent was obtained from all patients included in the study.
A Logiq E9 (GE Healthcare) SE machine was used. Measurements were conducted by a radiologist with 10 years of experience. All measurements were repeated three times and the average value was used. Firstly, both testicles were examined for structural anomalies and the presence of focal lesions by B-mode sonography. Later, the testicular volume was measured. Afterward, an ROI was placed in the central area of the testis and the tissue elasticity was measured automatically in kilopascals ( Figure 1 ).
Statistical analysis
Data analysis was performed using Statistical Package for the Social Sciences for Windows version 11.5 (SPSS Inc.; Chicago, IL, United States). Whether the distributions of continuous variables were normal or not was determined by the Kolmogorov-Smirnov test. Data were shown as the mean±standard deviation or median (minimum-maximum), where applicable. The mean differences between the control and CKD groups were compared by Student' s t-test, and the Mann-Whitney U test was applied for comparison of the medians. The degrees of association between continuous variables were determined by Spearman' s rank correlation analysis. A p-value of less than 0.05 was considered to be statistically significant. Among the CKD group, testis volume and tissue stiffness did not display a statistically significant correlation with the duration of hemodialysis (p>0.05) ( Table 2 ).
Within the control group, no correlation was found between testis volume and tissue stiffness (p>0.05) ( Table 3 ).
Among the CKD group, there was no correlation between testis volume and stiffness of the testis (p>0.05) ( Table 4 ).
Discussion
It has been shown that CKD and hemodialysis have harmful effects on the hypothalamushypophysis-testicle axis [21] . Oxidative stress is also known to cause male infertility via peroxidative injury to the sperm and testes [22, 23] . Hypogonadism is a very common finding in CKD with a reported incidence of 50-75% [24] . Because testosterone is an efficient anabolic hormone, its deficiency causes not only problems related to libido but also several important cardiometabolic side effects. These side effects include deterioration in cognitive functions, decrease in muscle mass, endothelial dysfunction, cardiovascular events, and an increase in the risk of death [25] [26] [27] [28] . In a study conducted on 1822 male patients, Haring et al. [28] demonstrated that low levels of total testosterone significantly increased mortality.
US is the primary method used for investigation of the scrotum [29] . Besides its ease of access, it is also tolerable for patients. Grayscale US is usually used for measuring testis volumes and determination of parenchymal echogenicity [30] . Although a slight change in the echogenicity of a testis can represent a decrease in testicular function, it is not easy to detect [15] . Sakamoto et al. [31] demonstrated that there is a strong correlation between testicular function and testis volume. It has been shown that there is a significant decrease in testis volume in patients with CKD [32] . In our research, the testis volume was also significantly lower in patients with CKD ( Figure 2) . SE helps to demonstrate pathological changes in the testis parenchyma [30] . SE has been utilized in many studies of focal testicular lesions [33] . SWSE is a noninvasive method that measures the elasticity of soft tissue quantitatively [34] . With this method, a scissoring wave is produced perpendicularly to the axial displacement caused by a US pulse, which is 1000 times more attenuated in comparison to conventional US [28] . With this method, tissue elasticity can be measured. SE is an advantageous method because there is no need for tissue compression and tissue elasticity can be measured quantitatively in kilopascals [35] .
In this study using SWSE, parenchymal stiffness was measured in patients with CKD and the control group. A significant difference was detected in testicular parenchymal stiffness between the CKD and control groups, the CKD group having higher stiffness ( Figure 3 ). This finding shows that there was a significant change in the testis parenchyma as well as in stiffness in patients with CKD. The reason can be attributed to fibrosis, which takes place in patients undergoing hemodialysis. In a study by Shiraishi et al. [32] it was demonstrated that interstitial fibrosis developed in biopsy specimens from hemodialysis patients.
Renal transplantation is the best treatment modality in CKD patients undergoing hemodialysis. In various studies it has been shown that dysfunction of the Leydig cells and decreases in serum FSH, LH, and testosterone levels can be reversed after treatment [3] . However, the extent of reversible fibrosis in the testis is unknown. At this point, SE values for the testis can be utilized. There is still a need for controlled randomized trials.
In a study conducted on 120 male patients by Shiraishi et al. [32] both decreases in testis volume and fibrosis were found to be correlated with the duration of hemodialysis. On the other hand, in our research there was no correlation between the testis volume or parenchymal SE values and the duration of hemodialysis, which could be attributed to the limited number of patients, which was a major limitation of our study.
Finally, the parenchymal fibrosis and decrease in testicular volume that occur in long-term hemodialysis patients can be detected by SE, which can also be used in the evaluation of candidates for renal transplantation, as well as their follow up. Financial Disclosure: The authors declared that this study has received no financial support.
